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(57) ABSTRACT 

In an encoding apparatus, When difference value between 
adjacent quantization units of quantization accuracy infor 
mation Where, e.g., distribution range is 0~7, e.g., if differ 
ence value is 3 or more, 8 is subtracted, and if difference 
value is less than —4, 8 is added to thereby transform tWo 
difference values Where difference therebetWeen is 8 into the 
same value. Thus, the distribution range of difference value 
becomes —4~3, and size of code book (table) can be held 

(86) PCT No; PCT/JP02/09973 doWn to the same size in the case Where difference is not 
taken. In addition, high order 1 bit of difference value may 

(30) Foreign Application Priority Data be masked to carry out replacement into value consisting of 
only loW order 3 bits, thus also making it possible to prevent 
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DIFFERENCE VALUE CODE NO. OF BITS 

—7 11111111 8 

—6 11111101 8 

—5 1111101 7 

—4 111101 6 

—3 11101 5 

—-2 1101 4 

—1 101 3 

0 0 1 

1 100 3 

2 1100 4 

3 11100 5 

4 111100 6 

5 1111100 7 

6 11111100 8 
7 11111110 8 
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DiFFERENCE VALUE CODE NO. OF BITS 

—14 11111111111 11 

-13 11111111110 11 
-12 11111111101 11 

—11 11111111100 11 
—10 11111111011 11 

—9 11111111010 11 
—8 11111111001 11 

—.7 11111111000 11 

—6 11111101 8 

—5 1111101 7 

-—4 111101 6 

—3 11101 5 

—2 1101 4 

—-1 101 3 

0 0 1 

1 100 3 

2 1100 4 

3 11100 5 

4 111100 6 

5 1111100 7 

6 101111100 8 
7 11111110000 11 

8 11111110001 11 
9 11111110010 11 

10 11111110011 11 
11 11111110100 11 
12 11111110101 11 

13 11111110110 11 
14 11111110111 11 
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—4 1 1 1 1 1 5 
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—2 1 101 4 
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4’ REFERENCE INFORMATION DIFFERENCE mgféfzsNEgE 

1 . 0 — 7 = — 7 -> 1 

11. 7 — 2 = 5 —> — 3 
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FIG .9 

QUANTIZATION u1111 N0. 0 1 2 3 4 5 5 7 

INFORMATION VALUE 7 7 7 5 6 1 2 1 

DIFFERENCE VALUE 0 0 1 0 -1 5 1 

NO. OF ENCODED BITS 3 1 1 3 1 3 7 3 2211115 

PROCESSED DIFFERENCE VALUE 0 o 1 0 —1 — 3 1 

NO. OF PROCESSED ENCODED 1311s 3 1 1 3 1 3 5 3 201115 
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CODING METHOD, APPARATUS, DECODING 
METHOD AND APPARATUS 

TECHNICAL FIELD 

[0001] The present invention relates to an encoding 
method and an encoding apparatus, a decoding method and 
a decoding apparatus, a transmission apparatus and a trans 
mission method and a transmission apparatus, and a record 
ing medium, and more particularly to an encoding method 
and an encoding apparatus, a decoding method and an 
encoding apparatus, a transmission method and a transmis 
sion apparatus, and a recording medium, Which are suitable 
When they are used in carrying out ef?cient encoding of 
digital data such as acoustic signal or audio (speech) signal, 
etc. to carry out transmission thereof or record it With respect 
to recording medium, and receiving or reproducing such 
signal at the decoding side to decode it. 

BACKGROUND ART 

[0002] Hitherto, as a technique for efficiently encoding 
audio signal such as speech (sound), etc., there are knoWn, 
e.g., non-blocking frequency band division system repre 
sented by band division coding (sub-band coding), etc. and 
a blocking frequency band division system represented by 
transformation encoding, etc. 

[0003] In the deblocking frequency band division system, 
audio signal on the time aXis divided into signal components 
every plural frequency bands Without carrying out blocking 
to carry out encoding thereof. Moreover, in the blocking 
frequency band division system, signal on the time axis is 
transformed (spectrum-transformed) into signal on the fre 
quency aXis to carry out division into signal components 
every plural frequency bands, i.e., to collect coefficients 
obtained by carrying out spectrum transformation every 
predetermined bands to carry out encoding every respective 
bands. 

[0004] Further, as a technique for further improving 
encoding ef?ciency, there is also proposed a high ef?cient 
encoding technique in Which the deblocking frequency band 
division system and the blocking frequency-band system as 
described above are combined. In accordance With this 
technique, e.g., band division is carried out by the band 
division encoding thereafter to carry out spectrum transfor 
mation of signal every respective bands into signal on the 
frequency aXis so that encoding is carried out every respec 
tive bands of signal Which has been caused to undergo 
spectrum transformation. 

[0005] Here, in carrying out the frequency band division, 
since processing is simple and aliasing distortion is can 
celled, there are many instances Where, e.g., QMF (Quadra 
ture Mirror Filter) is used. It is to be noted that the detail of 
the frequency band division by QMF is described in “1976 
R. E. Crochiere, Digital coding of speech in subbands, Bell 
Syst. Tech. J. Vol. 55, No. 8 1976”, etc. 

[0006] Further, as a technique for carrying out band divi 
sion, in addition to the above, there is, e.g., POF (Polyphase 
Quadrature ?lter) Which is ?lter division technique of equi 
band Width, etc. The detail of this PQF is described in 
“ICASSP 83 BOSTON, Polyphase Quadrature ?lters—A 
neW subband coding technique, Joseph H. RothWeilier”, etc. 

[0007] On the other hand, as the above-described spec 
trum transformation, there is, e.g., spectrum transformation 

Feb. 26, 2004 

of blocking an input audio signal by frame of a predeter 
mined unit time to carry out Discrete Fourier Transformation 
(DFT), Discrete Cosine Transformation (DCT), or Modi?ed 
Discrete Cosine Transformation (MDCT), etc. to thereby 
transform time aXis signal into frequency aXis signal. 

[0008] It is to be noted that the detail of MDCT is 
described in “ICASSP 1987, Subband/Transform Coding 
Using Filter Bank Designs Based on Time Domain Aliasing 
Cancellation, J. P. Princen, A. B. Bradley, Univ. of Surrey 
Royal Melbourne Inst. of Tech. ”, etc. 

[0009] As described above, since signal every band 
obtained by ?lter or spectrum transformation is quantiZed to 
have ability to control band in Which quantiZation noise is 
generated, it is possible to carry out higher ef?cient encoding 
in an auditory point of vieW by making used of the masking 
effect, etc. Moreover, if signal components every respective 
bands are normaliZed by, e.g., the maXimum value of abso 
lute value of signal component of corresponding band before 
quantiZation is carried out, it is possible to carry out higher 
ef?cient encoding. 

[0010] The Widths of respective frequency bands When 
band division is carried out are determined by taking, e.g., 
auditory characteristic of the human being into consider 
ation. Namely, in general, there are instances Where audio 
signal is divided into signal components every plural (e.g., 
32, etc.) bands by band Width such that according as 
frequency band shifts to higher frequency band, the Width 
becomes broader, Which is called, e.g., critical band. 

[0011] Further, in encoding data every respective bands, a 
predetermined bit allocation every respective bands or adap 
tive bit allocation every respective bands is carried out. 
Namely, e.g., in encoding coef?cient data obtained after 
undergone MDCT processing by bit allocation, the numbers 
of bits are adaptively allocated to MDCT coef?cient data 
every respective bands obtained by MDCT-processing sig 
nals every blocks so that encoding is carried out. 

[0012] As the bit allocation technique, there are knoWn, 
e.g., a technique of carrying out bit allocation on the basis 
of magnitudes of signals every respective bands (hereinafter 
referred to as a ?rst bit allocation technique as occasion 
demands) and a technique of obtaining necessary signal-to 
noise ratios every respective bands by making use of audi 
tory masking to carry out ?Xed bit allocation (hereinafter 
refereed to as a second bit allocation technique as occasion 

demands), etc. 

[0013] It is to be noted that the detail of the ?rst bit 
allocation technique is described in, e.g., “Adaptive Trans 
form coding of Speech Signals, R. Zelinski and P. Noll, 
IEEE Transactions of Acoustics, Speech and Signal Process 
ing, Vol. ASSP-25, No. Aug. 4, 1977”, etc. 

[0014] Moreover, the detail of the second bit allocation 
technique is described in, e.g., “ICASSP 1980, The critical 
band coder digital encoding of the perceptual requirements 
of the auditory system, M. A. Kransner MIT”, etc. 

[0015] In accordance With the ?rst bit allocation tech 
nique, quantiZation noise spectrum is ?attened so that noise 
energy becomes minimum. HoWever, since the masking 
effect is not utiliZed from an auditory point of vieW, noise 
feeling in vieW of actual auditory point of vieW does not 
become optimum. Moreover, in the second bit allocation 
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technique, in the case Where energy is concentrated on a 
certain frequency, even in the case Where, e.g., sine Wave, 
etc. is inputted, since bit allocation is ?xed, the characteristic 
value does not become so much good value. 

[0016] In vieW of the above, there is proposed a high 
ef?cient encoding apparatus in Which all bits Which can be 
used for bit allocation are used in the state divided into bits 
for ?xed bit allocation pattern determined in advance every 
respective small blocks and bits for carrying out bit alloca 
tion dependent upon magnitudes of signals of respective 
blocks to alloW its divisional ratio to be dependent upon 
signal related to input signal, i.e., according as, e.g., spec 
trum of corresponding signal becomes smooth, divisional 
ratio With respect to bits for the ?xed bit allocation pattern 
becomes large. 

[0017] In accordance With this method, in the case Where 
energy is concentrated on a speci?c spectrum like sine Wave 
input, many bits are allocated to block including that spec 
trum. Thus, the entire signal-to-noise characteristic can be 
dramatically improved. In general, since the auditory sense 
of the human being is extremely sensitive to signal having 
sharp spectrum component, the fact that the signal-to-noise 
characteristic is improved in a manner as described above, 
not only improves numeric value in measurement but also is 
effective in improvement of sound quality from vieWpoint of 
auditory sense. 

[0018] As a method for bit allocation, a large number of 
methods are proposed in addition to the above. If model 
relating to auditory sense further becomes ?ne and the 
ability of the encoding apparatus is improved, encoding 
Which is higher ef?cient from a vieWpoint of auditory sense 
can be made. 

[0019] In the case Where DFT or DCT is used as a method 
of transforming Waveform signal into spectrum, When trans 
formation is carried out by time block consisting of M 
samples, M independent actual number data are obtained. 
HoWever, since one block is ordinarily constituted in the 
state overlapping With both adjacent blocks respectively by 
predetermined number (M1) of samples in order to reduce 
connection distortion betWeen time blocks (frames), M 
actual number data are quantized With respect to (M-Ml) 
samples in average and encoded in the encoding method 
utiliZing DFI or DCT. 

[0020] Moreover, in the case Where MDCT is used as a 
method of transforming signal on the time axis into spec 
trum, independent M data are obtained from 2M samples 
overlapping With both adjacent blocks by M samples. 
Accordingly, in this case, M actual number data are quan 
tiZed and encoded With respect to M samples on the average. 
In this case, at the decoding apparatus, Waveform elements 
obtained by implementing inverse transformation at respec 
tive blocks from codes obtained by using MDCT as 
described above are added While alloWing them to interfere 
With each other so that Waveform signal is reconstructed. 

[0021] In general, by elongating time block (frame) for 
transformation, frequency resolution of spectrum is 
enhanced so that energy is concentrated to a speci?c spec 
trum component. Accordingly, in the case Where there is 
used MDCT in Which transformation is carried out by long 
block length in the state overlapping With both adjacent 
blocks by halves and the number of spectrum signals 
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obtained is not increased With respect to the number of 
original time samples, it becomes possible to carry out 
higher ef?cient encoding as compared to the case Where 
DFT or DCT is used. In addition, adjacent blocks are caused 
to have suf?ciently long overlap, thereby also making it 
possible to reduce distortion betWeen blocks of Waveform 
signal. 
[0022] In constituting actual code train, ?rst, every bands 
Where normaliZation and quantiZation are carried out, quan 
tiZation accuracy information Which is information indicat 
ing quantiZation step When quantiZation is carried out and 
normaliZation information Which is information indicating 
coef?cients used for normaliZing respective signal compo 
nents are encoded by a predetermined number of bits every 
band Where normaliZation and quantiZation are carried out, 
and the normaliZed and quantiZed spectrum signal is then 
encoded. 

[0023] Here, e.g., in the “IDO/IEC 11172-3: 1993 (E), 
1993”, there is described ef?cient encoding system set so 
that the number of bits indicating quantiZation accuracy 
information are caused to be different in dependency upon 
band. In accordance With this system, normaliZation is 
carried out so that according as the frequency band shifts to 
higher frequency band, the number of bits indicating quan 
tiZation accuracy information becomes smaller. 

[0024] An example of the con?guration of a conventional 
encoding apparatus adapted for carrying out, e.g., frequency 
band division of audio signal to carry out encoding thereof 
is shoWn in FIG. 1. An audio signal to be encoded is 
inputted to a band division unit 101, at Which it is divided 
into, e.g., signals of four frequency bands. 

[0025] Here, at the band division unit 101, ?lter such as 
the above-described QMF or PQF, etc. may be also used to 
carry out band division. Moreover, spectrum transformation 
such as MDCT, etc. may be also carried out to carry out 
grouping of spectrum signals obtained as the result thereof 
every bands to thereby carry out band division. 

[0026] It is to be noted that Widths of respective bands 
When band division of audio signal is carried out at the band 
division unit 101 (hereinafter referred to as encoding unit as 
occasion demands) may be uniform, or may not be uniform 
in a manner caused to be in correspondence With critical 
frequency band, etc. Moreover, While the audio signal in 
FIG. 1 is divided into four encoding units, the number of 
encoding units is not limited to this. 

[0027] Signals decompressed into four encoding units 
(four encoding units Will be respectively referred to as the 
?rst~fourth encoding units hereinafter) are delivered to a 
quantiZation accuracy determination unit 103 every prede 
termined time block (frame). Further, signals of the 
?rst~fourth encoding units are also respectively delivered to 
normaliZation units 1021~1024. 

[0028] The normaliZation units 1021~1024 extract signal 
component in Which the absolute is maximum from, e.g., 
respective signal components constituting respective signals 
of the inputted ?rst~fourth encoding units to alloW coef? 
cient corresponding to this value to be normaliZation coef 
?cients of the ?rst~fourth encoding units. Further, at the 
normaliZation units 1021~1024, respective signal compo 
nents constituting signals of the ?rst~fourth encoding units 
are respectively (divided) by values corresponding to nor 
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malization coefficients of the ?rst~fourth encoding units. 
Accordingly, in this case, normalized data obtained by 
normalization become value Within the range of —1, 0~1, 0. 

[0029] The normalized data are respectively outputted 
from the normalization units 1021~1024 to quantization 
units 1041~1044. Moreover, normalization coef?cients of 
the ?rst~fourth encoding units are respectively from the 
normalization units 1021~1024 to a multiplexer 105. 

[0030] To the quantization units 1041~1044, normalized 
data of the ?rst~fourth units are delivered from the respec 
tive normalization units 1021~1024, and quantization accu 
racy information for indicating quantization step When nor 
malized data of the ?rst~fourth encoding units are quantized 
are also delivered from the quantization accuracy determi 
nation unit 103. 

[0031] Namely, the quantization accuracy determination 
unit 103 determines, on the basis of signals of the 
?rst~fourth encoding units from the band division unit 101, 
quantization step in quantizing respective normalized data of 
the ?rst~fourth encoding units from the band division unit 
101, quantization step in quantizing respective normalized 
data of the ?rst~fourth encoding units. Further, quantization 
accuracy information of the ?rst~fourth encoding units 
corresponding to that quantization step are respectively 
outputted to the quantization units 1041~1044, and are also 
outputted to the multiplexer 105. 

[0032] At the quantization units 1041~1044, normalized 
data of the ?rst~fourth encoding units are respectively 
quantized by quantization steps corresponding to quantiza 
tion accuracy information of the ?rst~fourth encoding units 
so that they are encoded. Quantization coefficients of the 
?rst~fourth encoding units obtained as the result thereof are 
outputted to the multiplexer 105 At the multiplexer 105, 
quantization coef?cients, quantization accuracy information 
and normalization coefficients of the ?rst~fourth encoding 
units are encoded as occasion demands, and are then mul 
tiplexed. Further, encoded data obtained as the result thereof 
is caused to undergo transmission through transmission 
path, or is recorded With respect to a recording medium 106. 

[0033] It is to be noted that, at the quantization accuracy 
determination unit 103, determination of quantization step is 
not only carried out on the basis of signal obtained after 
undergone band division, but also may be carried out, e.g., 
on the basis of normalization data or may be carried out by 
taking auditory sense phenomenon, such as masking effect, 
etc. into consideration. 

[0034] An example of the con?guration of a decoding 
apparatus adapted for decoding encoded data outputted from 
the encoding apparatus having such a con?guration is shoWn 
in FIG. 2. In FIG. 2, encoded data is inputted to a demul 
tiplexer 121, at Which it is decoded. The decoded data thus 
obtained is separated into quantization coef?cients, quanti 
zation accuracy information and normalization coefficients 
of the ?rst~fourth encoding units. The quantization. coef? 
cients, the quantization accuracy information and the nor 
malization information of the ?rst~fourth encoding units are 
delivered to signal component constituting units 1221~1224 
corresponding to respective encoding units. 

[0035] At the signal component constituting unit 1221, 
quantization coefficient of the ?rst encoding unit is inverse 
quantized by quantization step corresponding to quantiza 
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tion accuracy information of the ?rst encoding unit. Thus, 
such quantization coefficient is caused to be normalized data 
of the ?rst encoding unit. Further, at the signal component 
constituting unit 1221, normalized data of the ?rst encoding 
unit is multiplexed by value corresponding to normalization 
coef?cient of the ?rst encoding unit. Thus, signal of the ?rst 
encoding unit is decoded, and is outputted to a band syn 
thesis unit 123. 

[0036] Also, at the signal component constituting units 
1221~1224, similar processing are carried out. Thus, signals 
of the second~fourth encoding units are decoded, and are 
outputted to the band synthesis unit 123. At the band 
synthesis unit 123, signals of the ?rst~fourth encoding units 
are band-synthesized. Thus, original audio signal is restored 
(reconstructed). 
[0037] MeanWhile, since quantization accuracy informa 
tion is included in encoded data delivered (transmitted) from 
the encoding apparatus of FIG. 1 to the decoding apparatus 
of FIG. 2, auditory model used in the decoding apparatus 
can be arbitrarily set. Namely, at the encoding apparatus, it 
is possible to freely set quantization steps With respect to 
respective encoding units, and it is possible to realize 
improvement in sound quality and/or improvement in com 
pression ratio Without changing the decoding apparatus With 
improvement in arithmetic (computing) ability and/or real 
ization of ?neness of the auditory sense model. 

[0038] HoWever, in this case, the number of bits for 
encoding quantization accuracy information itself becomes 
large. As a result, it Was dif?cult to improve the entire 
encoding ef?ciency so that it becomes equal to a certain 
value or more. 

[0039] In vieW of the above, in place of directly encoding 
quantization accuracy information, there is, e. g., a method of 
determining quantization accuracy information from nor 
malization coefficients at the decoding apparatus. HoWever, 
in this method, since the relationship betWeen normalization 
coef?cients and quantization accuracy information is deter 
mined at the time point When the standard has been deter 
mined, there is the problem that it becomes dif?cult to 
introduce control of quantization accuracy based on higher 
level auditory sense model in future. Moreover, in the case 
Where there is Width in compression ratio to be realized, 
there takes place the necessity of determining the relation 
ship betWeen normalization coefficients and quantization 
accuracy information every compression ratio. 

[0040] Accordingly, in order to further improve the com 
pression ratio, not only encoding ef?ciency of main infor 
mation directly subject to encoding is enhanced, but also it 
becomes necessary to enhance encoding ef?ciency of sub 
information Which is not directly subject to encoding such as 
quantization accuracy information or normalization coef? 
cient, etc. 

[0041] Since such quantization accuracy information and/ 
or normalization coef?cients, etc. have, in many cases, 
correlation betWeen adjacent normalization units, betWeen 
adjacent channels, or betWeen adjacent times, there are 
many cases Where difference value betWeen information of 
high correlation is determined to encode that difference 
value by using variable length code book (table). In this 
technique, encoding ef?ciency can be enhanced as compared 
to the case Where information is encoded as it is Without 
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using difference, but there Was the problem that siZe of code 
book (table) becomes large on the contrary. 

[0042] Consideration is made in connection With the case 
Where, e.g., distribution range of the quantization accuracy 
information is 0~7, and encoding is carried out by 3 bits. In 
the case Where the quantization accuracy information is 
encoded as it is, code book (table) siZe is 8. To the contrary, 
in the case Where difference value is encoded, that difference 
value is broadened to about double range of —7~7, and siZe 
of code book (table) becomes about double value from 8 to 
15 as shoWn in FIG. 3. Further, in the case Where difference 
value of difference value is encoded, the distribution range 
is broadened to about four times of —14~14, and siZe of code 
book (table) becomes about four times value from 8 to 29 as 
shoWn in FIG. 4. 

[0043] In addition, although variable length code is pre 
pared in accordance With the probability distribution, long 
code is allocated to value of loW appearance probability. As 
a result, there Was the problem that the number of bits to be 
encoded is increased to much eXtent as compared to the case 
Where variable length code book (table) is not used. 

DISCLOSURE OF THE INVENTION 

[0044] The present invention has been proposed in vieW of 
such conventional actual circumstances, and its object is to 
provide an encoding method and an encoding apparatus, a 
decoding method and a decoding apparatus, a transmission 
method and a transmission apparatus, and a recording 
medium Which permit ef?cient encoding Without enlarging 
code book (table). 

[0045] To attain the above-described object, an encoding 
method according to the present invention is directed to an 
encoding method of encoding a predetermined information 
value, comprising: a difference value calculation step of 
determining difference value betWeen the information vales; 
a transformation step of transforming the difference value so 
that the range of value Where transformed difference value 
can take becomes smaller than the range of value Where 
difference value can primarily take; and an encoding step of 
encoding the transformed difference value. 

[0046] Here, in the encoding method, When magnitude of 
the range of value Where the information value can take is 
N, magnitude of the range of value Where transformed 
difference value at the transformation step is caused to be N. 
At this time, at the transformation step, tWo difference values 
Where difference is N can be transformed in to the same 
value. 

[0047] Moreover, in the encoding method, in the case 
Where magnitude N of the range of value Where the infor 
mation value can take is n poWer of 2, transformation is 
carried out at the transformation step such that only loW 
order n bits of output of the difference value calculation step 
is taken out, and the difference value transformed into n bits 
is encoded at the encoding step. 

[0048] In such encoding method, in encoding a predeter 
mined information value, difference value betWeen the infor 
mation values is transformed so that the range of value 
Where transformed difference value can take becomes 
smaller than the range of value Where difference value can 
primarily take, and is then encoded. 
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[0049] Further, in order to attain the above-described 
object, an encoding apparatus according to the present 
invention is directed to an encoding apparatus adapted for 
encoding a predetermined information value, comprising: 
difference value calculating means for determining differ 
ence value betWeen the information values; transforming 
means for transforming the difference value so that the range 
of value Where transformed difference value can take 
becomes smaller than the range Where difference value can 
primarily take; and encoding means for encoding the trans 
formed difference value. 

[0050] Here, in the encoding apparatus, When magnitude 
of the range of value Where the information value can take 
is N, magnitude of the range of value Where difference value 
transformed by the transforming means can take is caused to 
be N. At this time, the transforming means can transform 
tWo difference values in Which difference is N into the same 
value. 

[0051] In encoding a predetermined information value, 
such encoding apparatus transforms difference value 
betWeen the information values so that the range of value 
Where transformed difference value can take becomes 
smaller than the range of value Where difference value can 
primarily take. 

[0052] Further, in order to attain the above-described 
object, a decoding method according to the present inven 
tion is directed to a decoding method of inputting trans 
formed difference value encoded by an encoding method of 
determining difference value of a predetermined information 
value to transform the difference value so that the range of 
value Where transformed difference value can take becomes 
smaller than the range of value Where difference value can 
primarily take to encode the transformed difference value to 
decode the transformed difference value, the decoding 
method including: a difference value decoding step of 
decoding the transformed difference value; and an informa 
tion value restoring step of determining primary information 
value by using the transformed difference value decoded at 
the difference value decoding step. 

[0053] Here, in the decoding method, When magnitude of 
the range of value Where difference value decoded at the 
difference value decoding step can primarily take is N, 
magnitude of the range of value Where information value 
restored at the information value restoring step can take is 
caused be N. At this time, With respect to one difference 
value decoded at the difference value decoding step, either 
of tWo information values such that difference therebetWeen 
is N can be restored as information value. 

[0054] Further, in the decoding method, in the case Where 
magnitude N of the range of value Where the information 
value can take is n poWer of 2, difference value transformed 
and encoded so that the difference value becomes n bits is 
inputted, the difference value of n bits is decoded at the 
difference value decoding step, and only loW order n bits of 
information value calculated by using the decoded differ 
ence value is taken out at the information value restoring 
step, Whereby primary information value can be determined. 

[0055] In such a decoding method, in encoding a prede 
termined information value, difference value betWeen the 
information values is transformed so that the range of value 
Where transformed difference value can take becomes 
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smaller than the range of value Where difference value can 
primarily take, and encoded difference value is then input 
ted. After this transformed difference value is decoded, 
primary information value is restored by using this decoded 
difference value. 

[0056] Further, in order to attain the above-described 
object, a decoding apparatus according to the present inven 
tion is directed to a decoding apparatus adapted for inputting 
transformed difference value encoded by an encoding 
method of determining difference value of a predetermined 
information value to transform the difference value so that 
the range of value Where transformed difference value can 
take becomes smaller than the range of value Where differ 
ence value can primarily take to encode the transformed 
difference value to decode the information value, the decod 
ing apparatus comprising: difference value decoding means 
for decoding the transformed difference value; and informa 
tion value restoring means for determining primary infor 
mation value by using the transformed difference value 
decoded by the difference value decoding means. 

[0057] Here, in the decoding apparatus, When magnitude 
of the range of value Where difference value decoded by the 
difference value decoding means can primarily take is N, 
magnitude of the range of value Where information value 
restored by the information restoring means can take is 
caused to be N. At this time, With respect to one difference 
value decoded by the difference value decoding means, the 
information value restoring means can restore, as informa 
tion value, either one of tWo information values such that 
difference therebetWeen is N. 

[0058] In such decoding apparatus, in encoding a prede 
termined information value, difference value betWeen the 
information values is transformed so that the range of value 
Where transformed difference value can take becomes 
smaller than the range of value Where difference value can 
primarily take, and encoded difference value is then input 
ted. After this transformed difference value is decoded, 
primary information value is restored by using this decoded 
difference value. 

[0059] Further, in order to attain the above-described 
object, a transmission method according to the present 
invention is directed to a transmission method of encoding 
a predetermined information value to carry out transmission 
thereof, the transmission method including: a difference 
value calculation step of determining difference value 
betWeen the information values; a transformation step :of 
transforming the difference value so that the range of value 
Where transformed difference value can take becomes 
smaller than the range of value Where difference value can 
primarily take; an encoding step of encoding the trans 
formed difference value; and a transmission step of carrying 
out transmission of the encoded transformed difference 
value. 

[0060] Here, in the transmission method, When magnitude 
of the range of value Where the information value can take 
is N, magnitude of the range of value Where difference value 
after undergone transformation at the transformation step 
can take is caused to be N. At this time, tWo difference values 
Where difference is N can be transformed into the same 
value. 

[0061] In such a transmission method, in encoding a 
predetermined information value to carry out transmission 
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thereof, difference value betWeen the information values is 
transformed so that the range of value Where transformed 
difference value can take becomes smaller than the range of 
value Where difference value can primarily take thereafter to 
encode the transformed difference value to carry out trans 
mission thereof. 

[0062] Further, in order to attain the above-described 
object, a transmission apparatus according to the present 
invention is directed to a transmission apparatus adapted for 
encoding a predetermined information value to carry out 
transmission thereof, the transmission apparatus including: 
difference value calculating means for determining differ 
ence value betWeen the information values; transforming 
means for transforming the difference value so that the range 
of value Where transformed difference value can take 
becomes smaller than the range of value Where difference 
value can primarily take; encoding means for encoding the 
transformed difference value; and transmission means for 
carrying out transmission of the encoded transformed dif 
ference value. 

[0063] Here, in the transmission apparatus, When magni 
tude of the range of value Where the information value can 
take is N, magnitude of the range of value Where difference 
value transformed by the transforming means can take is 
caused to be N. At this time, the transforming means can 
transform tWo difference values Where difference therebe 
tWeen is N into the same value. 

[0064] In encoding a predetermined information value to 
carry out transmission thereof, such transmission apparatus 
transforms difference value betWeen the information values 
so that the range of value Where transformed difference 
value can take becomes smaller than the range Where 
difference value can primarily take thereafter to encode it to 
carry out transmission thereof. 

[0065] In addition, in order to attain the above-described 
object, a recording medium according to the present inven 
tion is adapted so that there is recorded transformed differ 
ence value encoded by an encoding method including a 
difference value calculation step of determining difference 
value betWeen predetermined information values, a trans 
formation step of transforming the difference value so that 
the range of value Where transformed difference value can 
take becomes smaller than the range of value Where differ 
ence vale can primarily take, and an encoding step of 
encoding the transformed difference value. 

[0066] Here, in the encoding method, When magnitude of 
the range of value Where the information value can take is 
N, magnitude of the range of value Where transferred 
difference value at the transformation step can take is caused 
to be N. At this time, at the transformation step, tWo 
difference values Where difference is N is permitted to 
undergo mapping into the same value. 

[0067] With respect to such recording medium, there is 
recorded difference value in Which, in encoding a predeter 
mined information value, difference value betWeen the infor 
mation values is transformed so that the range of value 
Where transformed difference value can take becomes 
smaller than the range of value Where difference value can 
primarily take, and is then encoded. 

[0068] Still further objects of the present invention and 
practical merits obtained by the present invention Will 




















